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COCKPIT DISPLAYS OF TRAFFIC INFORMATION: AIRLINE PILOTS' OPINIONS 
ABOUT CONTENT, SYMBOLOGY, AND FORMAT 
Sandra G. Hart 
Tufts University, Medford, Massachusetts 
and 
Thomas E. Wempe 
Ames Research Center 
INTRODUCTION 
Within the next 10 years the projected availability of direct address 
beacon systems (DABS), beacon collision avoidance systems (BCAS), and inexpen- 
sive electrmic displays will make it operationally possible to provide pilots 
with computer-generated cockpit displays of traffic information (CDTI). It 
has been suggested that such displays could provide a mechanism for "distrib- 
uting the responsibility for certain ATC functions between the cockpit and 
ground ATC facilities" (ref. i, p. 4). 
Some of the fundamental questions concerning the benefits and liabilities 
of providing traffic displays in the cockpit have been studied by, among 
others, the Massachusetts Institute of Technology (ref. 2), Ames Research 
Center (ref. 3), and the Roeing Commercial Airplane Company (ref. 4). There 
are questions, however, "withiri both government and industry as to the extent 
to which both benefits and liabilities of CDTI could translate into the real 
operational environment" (ref. 1, p. 2 ) .  Although research has shown that 
pilot control in longitudinal spacing and pilot awareness of the traffic situ- 
ation can be improved if traffic information is provided, the effect of CDTI 
on pilot and controller workload and the pilot's ability to asses? such dis- 
plays while performing his primary duties, have not yet been determined. 
A series of assumptions, on which the current study was based, was made 
cbout the environment into which CDTI would be introduced and the initial 
roles that the pilot and controller would assume. It was assumed that CDTI 
will not become generallv available until 1985. Its introduction will be evo- 
lutionary and will result in an initial mix of CDTI-equipped aircraft with 
those that are not so equipped. The information displayed will be ground- 
derived and transmitted by data-link. The CDTI will not be used as a primary 
collision avoidance system; it is assumed that the alltomatic traffic alerting 
and resolution system (ATARS), or a similar system, 2nd the conflict alert 
system (CAS) will be available and will perform that function. 
The initial functiorls that a pilot would perform with a CDTI would be 
essentially passive, such as traffic monitoring, but might include maintaining 
lorlgitudinal separation when in-trail and when merging. ATC would still be 
responsible for separation, and the pilots would still respond to clearances 
and vectors from the ground. The display should provide a pilot with an 
awareness of his own situation and that of other nearby aircraft so that he 
could detect loss of separation and ATC or airborne system failures. In addi- 
tion, a CDTI would assist the pilot in evaluating the intentions of other air- 
craft and would allow him to anticipate and plan ahead. Following the initial 
introduction of CDTI into the ATC system, the division of responsibility 
between the air and ground might be modified even further with the pilot of a 
CDTI-equipped aircraft assuming more responsibility for separation and spacing. 
To perform any type of ATC functions from the cockpit, it may be necessary 
to display weather, routes, terrain, and the status and intent of other air- 
craft in addition to the position of other traffic. Pilots now obtain such 
information from a variety of sources, including ATC, charts, weather radar, 
monitoring the radio transmissions of other aircraft, and simply looking out 
of the window. A CCTI could integrate these different types of information 
into a single multifunction display to assist pilots in forming a cognitivle 
representation of the environment. Many questions remain, however, concerning 
what information should be displayed, in what format it should be presented, 
and with what level of complexity. 
In order to determine the feasibility of the CDTI concept, extensive 
laboratory, simulation, and inflight research must be conducted. Because the 
design of the candidate display(s) used for research purposes could have con- 
siderable effect on the validity of the conclusions drawn about the feasibility 
of the CDTI concept itself, it would be desirable to design an optimal display 
in advance of the full-mission research. Although different displays have 
been used in previous research efforts, no systematic effort has been made to 
optimize display content, symbology, and format. 
Because thcre is so much information that could be presented on a CDTI, 
and so many ways an,! combinations of ways in which it might be presented, eli- 
mination of olvicwsly unacceptable alternatives in advance of Iqboratory and 
simulation research, in which the feasible alternatjves would be evaluated 
experimentally, was deemed necessary. Becal~se pilo~s will be the ultimate 
users of CDTI, they should be involved in this initial stage of designing the 
displays to be used in simulation research. To this end, numerous candidate 
displays were devised and simulated with a computer graphics system. These 
static displays incorporated different categories of information (e.g., ttaf- 
fic, weather, terrain, and route.structure), presented with varying levels of 
complexity, symbologies, and formats. The candidate displays were shown to 
groups of airline pilots who were asked to evaluate, individually and in com- 
bination with other display elements, the specific features that they were 
shown. They were asked to specify the display content and format that would 
incorporate all of the essential information presented in an optimal fashion 
with minimal display clutter and confusion. 
It was not intended that this study would result in the design of a 
single CDTI display, but rather that it would define the information that the 
potential user-population felt should be incorporated into a CDTI with pre- 
ferred symbology and format. Those recommendations could then be USP' L cne 
basis for laboratory research in which the preferred display features would be 
tested with dynamic simulations to determine which symbologies, formats, and 
combinations allowed accurate and efficient perforsance with acceptable levels 
of pilot workload. 
Subj e c t s  
Twenty-three commercial a i r l i n e  p i l o t s  based i n  t h e  San Francisco Bay 
Area served a s  paid  s u b j e c t s  i n  t h e  s tudy.  Nine of t h e  p i l o t s  were c a p t a i n s  
and 14 were f i r s t  o f f i c e r s ;  t o t a l  f l i g h t  hours  ranged from 5,000 t o  20,000. 
A l l  but  t h r e e  had m i l i t a r y  f l i g h t  exper ience .  Eighteen of t h e  p i l o t s  had 
flown B-727's o r  B-737's; 14 had flown B-707's o r  DC-8's; and 6 were f l y i n g  
B-747's, D C - l o ' s ,  o r  L - l o l l ' s .  Four of t h e  p i l o t s  a l s o  were a c t i v e  genera l  
a v i a t i o n  p i l o t s .  S ix teen  of t h e  p i l o t s  had p r e v i o u d y  p a r t i c i p a t e d  i n  
r esea rch  a t  Ames Research Center ,  a l though only  f o u r  of them had been involved 
i n  a  s i m u l a t i o ~  of t r a f f i c  d i s p l a y s .  
To avoid any b i a s  i n  p i l o t  se :ec t ion,  p rospec t ive  s tudy  s u b j e c t s  were no t  
told t h a t  CDTI was involved.  P r i o r  t o  t h e  beginning of t h e  s tudy,  t h e  p i l o t s  
were asked whether they were f a m i l i a r  wi th  t h e  concept of  CDTI and whether 
they f e l c  t h a t  t h e  a d d i t i o n  of g r a p h i c a l l y  d i sp layed  t r a f f i c  informat ion t o  
t h e  cockpi t  would be d e s i r a b l e .  Although on ly  8 of the  ~ i l o t s  were somewhat 
f a m i l i a r  wi th  t h e  concept of CDTI, 16 of them f e l t  t h a t  t h e  a d d i t i o n  of t r a f -  
f i c  informat ion t o  the  cockp i t  might provide  u s e f u l  informat ion.  The remain- 
ing  p i l o t s  responded t h a t  they d i d  not  know enough about CDTI t o  foim an 
cp in ion .  
Procedure 
The p i l o t s  were d ivided inLo t h r e e  groups ,  two wi th  e i g h t  members and m e  
wi th  seven,  s o  t h a t  the  cand ida te  d i s p l a y s  were shown t o  a  number of p i l o t s  a t  
t h e  same time. Upon t h e i r  a r r i v a l ,  the  p i l o t s  f i l l e d  ou t  a  b r i e f  summary of 
t h e i r  p r o f e s s i o n a l  exper ience  (which i s  summarized i n  t h e  "subjects"  s e c t i o n ) .  
I n s t r u c t i o n s  were read t o  each group d e s c r i b i n g  CDTI, the  environment i n t o  
which i t  would be in t roduced,  t h e  t a s k s  t h a t  p i l o t s  might perform w i t h  a  CDTI, 
and the  e f f e c t  t h a t  i t  might have on the  d i v i s i o n  of r e s p o n s i b i l i t y  between 
the  a i r  and ground. 
P r e s e n t a t i o n  of the  d i s p l a y s  and the  p i l o t s '  responses  were d iv ided  i n t o  
seven segments i n  which t h e  d i s p l a y  format,  symbology, and con ten t  f o r  a  spe- 
c i f i c  ca tegory of informat ion was i n v e s t i g a t e d .  The d i f f e r e n t  c ~ t e g o r i e s  of  
informat ion,  d i s p l a y s ,  and q u e s t i o n s  ke re  presented i n  t h e  same o rder  f o r  a l l  
t h r e e  groups: (1) nav iga t ion ;  ( 2 )  terrai:;  (3) own a i r c r a f t ;  ( 4 )  o t h e r  a i r -  
c r a f t  ( r u l e s  f o r  d i s p l a y ,  symbology, coding schemes, d a t a  b locks ,  o r  t a b l e s ) ;  
(5) weather;  (6)  the  use of c o l o r ;  and (7)  g e n e r a l  ques t ions .  A b r i e f  i n t r o -  
doc t ion  about each ca tegory  of informat ion and a l l  of the  r e l e v a n t  d i s p l a y s  
were presented be fo re  t h e  q u e s t i o n s  f o r  t h a t  ca tegqry  were read aloud by t h e  
experimenter s o  t h a t  a l l  of t h e  p i l o t s  i n  t h e  group answered each q u e s t i o n  a t  
t h e  same time. They were al lowed t o  ask  q u e s t i o n s  a t  any time and were shown 
t h e  d i s p l a y s  a  second t ime a t  t h e i r  r eques t .  The p i l o t s  were g iven a s  much 
time t o  respond a s  r equ i red  and they were encouraged t o  make w r i t t e n  comments, 
a d d i t i o n s ,  s u b s t i t u t i o n s ,  and d e l e t i o n s  t o  t h e  d i s p l a y  examples t h a t  they had 
been shown i n  o r d e r  t o  develop a s e t  of d i s p l a y  s p e c i f i c a t i o n s  t h a t  were 
r e p r e s e n t a t i v e  of t h e i r  opinions .  
To p r o t e c t  t h e  pr ivacy of t h e  i n d i v i d u a l  p i l o t s  and of t h e  a i r l i n e s  they 
represen ted ,  t h e i r  names were not  w r i t t e n  on t h e  response  book le t ,  and 
responses  were r e p o r t e a  i n  summary form only .  Most of t h e  p i l o t s  d i d ,  how- 
ever ,  provide  t h e i r  names and a d d r e s s s s  s e p a r a t e l y  because they wished t o  
rece ive  a copy of the  f i n a l  r e p o r t  and a r e  p lanning t o  p a r t i c i p a t e  i n  subse- 
quent s t u d i e s .  
Survey Format 
Each p i l o t  was given a 12-page bookle t  i n  which t h e  i tems t o  be eva lua ted  
were organized i n t o  7 s e c t i o n s  t h a t  conta ined t h e  s p e c i f i c  ques t ions  t h a t  t h e  
p i l o t s  were t o  answer, d i r e c t i o n s  about how t o  respond t o  each ques t ion ,  
spaces  f o r  t h e i r  responses,  and a d d i t i o n a l  space  on each page f o r  t h e i r  com- 
ments. Severa l  d i f f e r e n t  response formats were used: (1)  t h e  p i l o t s  were 
asked t o  respond t o  an i tem by s t a t i n g  "yes" o r  "no"; (2) they were asked t o  
i n d i c a t e  whether a s p e c i f i c  f e n t u r e  was accep tab le ,  i n d i v i d u a l l y ,  wi th  no com- 
pa r i son  t o  be made between a l t e r n a t i v e  concepts ,  s p ~ b o l s ,  o r  formats ;  (3 )  they 
r a t e d  i v m s  I n d i v i d u a l l y  by s p e c i f y i n g  whether i t  was necessa ry ,  d e s i r a b l e  bu t  
not  necessary ,  not  needed, o r  no t  wanted; and ( 4 )  t h e  p i l o t s  s e l e c t e d  t h e  one 
op t ion  t h a t  they p r e f e r r e d  from a s e t  of a l t e r n a t i \ . e s .  
Tes t  M a t e r i a l s  
More than one-hundred sample d i s p l a y s  were c r e a t e d  t o  d e p i c t  d i f f e r e n t  
CDTI concepts i n d i v i d u a l l y  and i n  t h e  con tex t  of a b a s i c  nav iga t ion  d i s p l a y  
a lone o r  i n  combination wi th  o t h e r  environmental  informat ion.  Display c o n t e n t ,  
symbology, and format were v a r i e d  f o r  each category of informat ion,  wi th  and 
without c o l o r  coding of ind iv idua l  elements.  The s c e n a r i o  usdd i n  des ign ing  
the  d i s p l a y s  represented a s t andard  southern  approach t o  runway 30L a t  
San Jose  Municipal Ai rpor t  i n  San J o s e ,  C a l i f o r n i a .  This  w a s  chosen because 
a l l  of t h e  p i l o t - s u b j e c t s  were based i n  t h e  San Francisco Bay Area and were, 
t h e r e f o r e ,  f a m i l i a r  wi th  the  a i r p o r t ,  i t s  environment, and s t andard  approaches.  
The approach was s imulated f o r  a medium-size j e t  a t  an  i n i t i a l  d i s t a n c e  of 
50 mi les  from zke a i r p o r t  a t  15,000 f t ,  heading 302'. wi th  a ground speed of 
280 knots.  
The d i s p l a y s  were drawn wi th  t h e  magnetic pen and pad inpu t  devide  o f  a n  
Evans and Suther land P i c t u r e  System 11. This c a l l i g r a p h i c  system provided 
f i v e  c o l o r s  (of which, i n  t h e  i n t e r e s t  of maximum c o n t r a s t ,  only  r e d ,  green,  
and yellow were used) ,  v a r i a b l e  l i n e  i n t e n s i t y ,  cont inuous  s c a l i n g  and r o t a -  
t i o n  of d i s p l a y s  and i n d i v i d u a l  d i s p l a y  e lements ,  and alphanumeric c h a r a c t e r s .  
The drawing a r e a  i n  which the  d i s p l a y s  were c r e a t e d  was 20.32 cm (8 i n . )  by 
20.32 cm (8 i n L ) .  Ind iv idua l  d i s p l a y  e lements ,  such as a i r c r a f t  symbole, 
r o u t e  s t r u c t u r e ,  and t e r r a i n  f e a t u r e s ,  were s t o r e d  as i n d i v i d u a l  frames, which 
could be r e c a l l e d  and combined i n  d i f f e r e n t  ways w i t h  d i f f e r e n t  s c a l e s ,  o r i en -  
t a t i o n s ,  and c o l o r s  t o  produce t h e  s e t  of cand ida te  d i s p l a y s  used ( r e f .  5 ) .  
The d i s p l a y s  were photographed and 35-~nn s l i d e s  were prepared f o r  p r e s e n t i n g  
t h e  CDTI o p t i o n s  t o  each of t h e  groups of p i l o t s  who p a r t i c i p a t e d  i n  the  s tudy.  
The p i l o t s '  viewing d i s t a n c e s  ranged from 1.52 m (5.0 f t )  t o  3.02 m (10.0 f t ) .  
The s i z e  of  the  p ro jec ted  d i s p l a y s  was 35.6 cm by 35.6 cm (14.0 i n .  by 
14.0 in . ) .  P ropor t iona l ly ,  t h e  average d i s p l a y  a r e a  was equ iva len t  t o  t h a t  of 
a  15.2 cm by 15.2 cm (6.0 i n .  by 6.0 i n . )  panel-mounted d i s p l a y ,  viewed from a  
d i s t a n c e  of 78.7 cm (31 i n . ) .  
I n  genera l ,  t h e  d i s p l a y s  used t o  exemplify d i f f e r e n t  concepts ,  symbolo- 
g i e s ,  and formats  conta ined more informat ion than would be incorpora ted  i n t o  
a  cockp i t  panel  d i s p l a y .  This  was done because i t  was f e l t  t h a t  p i l o t s  could 
more e a s i l y  judge whether a  p a r t i c u l a r  dispJ - v  element should be included i n  
a  C D ' I I ,  o r  how i t  should be p resen ted ,  i f  t L y  had a c t u a l l y  seen i t  than i f  
they had t o  guess what a  p a r t i c u l a r  f e a t u r e  would look l i k e  If i t  had been 
added. The d i s p l a y s  t h a t  were c r e a t e d  Se~Ved  a s  a  s e r i e s  of " s ~ r a w  men" f o r  
which she p i l o t s  were encouraged t o  suggest  a d d i t i o n s ,  s u b s t i t u t i o n s ,  and 
d e l e t i o n s .  The p i l o t s  were never asked t o  s e l e c t  a s i n g l e  d i s p l a y  coab ina t ion  
over a l l .  of the  o t h e r s  because they were not  shown a l l  p o s s i b l e  conb ina t ions  
of elements. Rather ,  t h e  p i l o t s  were asked t o  e v a l u a t e  each element ind iv id -  
u a l l y  and i n  c a n t r a s t  t o  o t h e r s  f o r  concept and format.  
I n  the  fo l lowing s e c t i o n s ,  t h e  ques t ions  t h a t  were aske6 and the  d i s p l a y s  
t h a t  were used a s  examples a r e  summarized, f o r  each ca tegory  , informat ion 
t h a t  was included,  i n  t h e  o r d e r  tha: they were presented t o  each group of 
p i l o t s .  In s d d i t i o n ,  photographs of r e p r e s e n t a t i v e  d i s p l a y s  a r e  included.  
Map scale- S ix  d i f f e r e n t  map s c a l e s  were s imulated t o  f a m i l i a r i z e  p i l o t s  
with the  varying d i s p l a y  con ten t  t h a t  they might encounter  un a  descent  from 
15,000 f t  t o  t h e  o u t e r  marker. ;Note t h a t  "miles" r e f e r s  t o  n a u t i c a l  mi les  i n  
t h i s  r e p o r t . )  The a r e a s  covered by the  s i x  map s c a l e s  were 4  mi les  ( f i g .  1 ) ;  
8 ,  ' 6 ,  and 32 mi les  ( f i g .  2 ) ;  and 64 and 128 mi les  ( f i g .  3) from top t o  bottom 
and from s i d e  t o  s i d e .  
Because the  d i s p l a y s  i n  t h i s  s tudy  were s t a t i c ,  map s c a l i n g  ( e . g . ,  con- 
t inuous  o r  d i s c r e t e l y  s tepped)  pe r  s e  was not  a  v a r i a b l e ;  however, the  amount 
and type of informat ion t h a t  p i l o t s  wanted displayed a t  d i f f e r e n t  a l t i t u d e s  
and dur ing  d i f f e r e n t  phases of f l i g h t  were examined. 
Map orientation- A l l  of t h e  maps were presented wi th  a  head in^-up 
o r i e n t a t i o n .  Although a  north-up o r i e n t a t i o n  has  t h e  advantage of being 
v i s u a l l y  s t a b l e  ( r e f .  6)  and is u s e f u l  f o r  planning purposes ( r e f .  7), a 
heading-up o r i e n t a t i o n  may be more a p p r o p r i a t e  f o r  c a n t r o l  because t h e  d i rec -  
t i o n  of f l i g h t  and c o n t r o l  i s  obvious and c o n t r o l  r e v e r s a l s  a r e  l e s s  of a  
problem. 
Na~igation display- Because a  CDTI could perform m u l t i p l e  f u n c t i o n s ,  
cons ide ra t ion  was  give,^ t o  providing a  graphic  d i s p l a y  of r o u t e s ,  nav iga t ion  
a i d s ,  a i r p o r t s ,  and ince!rsections t o  a s s i s t  t h e  p i l o t  i n  p l a c i n g  t h e  p o s i t i o n  
of h i s  own and o t h e r  a i r c r a f t  i n  con tex t  and f o r  use iq p r h a r y  nav iga t ion .  
The v a r i a b l e s  i n v e s t i g a t e d  included:  (1) Which r o u t e s  should be d i sp layed  - 
own rou te  on ly ,  own and i n t e r s e c t i o n  rouce;, o r  a l l  r o u t e s  w i t h i n  t h e  ranRe 
of t h e  map? (2)  What symbology should be used f o r  navaida ,  i n t e r s e c t i o n e ,  
Figure 1.- Navigation d isp lay  f o r  south .ern appro ach t 
Airport:  4 miles f u l l  sca le .  
a San Jose  Municipal 
and a i r p o r t s ?  (3) Should in;ersections,  navaids, a i r p o r t s ,  and rou tes  be 
labeled? and (4) How should current map sca l e  and map o r i en t a t i on  be 
presented? 
A l imi ted  set of conanonly charted symbols was used t o  denote i n t e r -  
sec t ions ,  VOXTAC/VORDMC, and outer  markers. For l a r g e r  map sca l e s ,  a l l  
Figure  2.- Navigation d i s p l a y  f o r  sou the rn  approach t o  San J o s e  Municipal 
Ai rpor t :  32 mi les  f u l l  s c a l e .  
a i r p o r t s  were represen ted  by a square  symbol and those  wi th  a co loca ted  
VORTAC/VORDME were represen ted  by a combined symbol ( f i g .  4 ) .  For t h e  
4-, 8-, 16-, and 32-mile map s c a l e s ,  t h e  runway s t r u c t u r e  o- t h e  desLina t ion  
a i r p o r t  was shown i n s t e a d  of  a square  symbol. The taxiways were shown a s  
w e l l  on t h e  4-mile s c a l e  ( f i g .  1). The a i r p o r t  c o n t r o l  zone was d i sp layed  
on t h e  8-, 16-, and 32-mile s c a l e s .  A l l  l ow-a l t i tude  enrou te  a i rways  
Figure 3. - Navigation display for southern approach to San Jose Municipal 
Airport: 128 miles full scale. 
within the range of each map were displayed. In addition, all Intersections, 
navaids, and airports within the range of each map were shown symbolically, 
with and without identifying labels. Different ways to display map scale 
values and current map orientation digitally were investigated. The pilots 
were asked t o  evaluate 29 different attributes of the navigation display. 
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Figure  4.- Proposed nav iga t ion  Figure  5.- Proposed t e r r a i n  
symbology. symbology. 
Terrain dispZay- S e v e r a l  d i f f e r e n t  ways t o  d i s p l a y  t e r r a i n  informat ion on 
a  CDTI were presented.  The q u e s t i o n s  i n v e s t i g a t e d  included:  (1)  Should 
t e r r a i n  be d i sp layed  on t h e  CDTI? (2)  Should i t  be d i sp layed  a t  p i l o t  r eques t  
o r  au tomat ica l ly  i f  t h e r e  i s  a  t h r e a t ?  (3) What o b s t r u c t i o n s  should be d i s -  
played? (4)  How should they be d i sp layed?  and (5) Should t e r r a i n  informat ion 
be d i f f e r e n t i a t e d  by shape-coding of symbols and/or  c o l o r  coding? 
A 1 3  s i g n i f i c a n t  n a t u r a l  and manmade o b s t r u c t i o n s  t h a t  were w i t h i n  
5,000 v e r t i c a l  f t  of t h e  s tmula ted  a l t i t u d e  of own a i r c r a f t  and t h e  range of 
the  map were g r a p h i c a l l y  superimposed on each of t h e  maps a s  a n  a d d i t i o n a l  
i e a t u r e .  Five f r e q u e n t l y  used c h a r t  symbols were proposed ( f i g .  5)  a l though 
not a l l  were used. The he igh t  of each o b s t a c l e  was l a b e l e d  i n  f e e t  b e s i d e  
t h e  symbol. The symbols were shown t o  t h e  p i l o t s ,  i n d i v i d u a l l y  and i n  com- 
b i n a t i o n  wi th  o t h e r  informat ion.  Figure  6 d e p i c t s  a  t e r r a i n  d i s p l a y  super-  
imposed on a  32-mile map. 
I n  a d d i t i o n ,  a ground-referenced g r i d  was superimposed on each map wi th  
t h e  minimum s a f e  a l t i t u d e  w i t h i n  each s e c t i o n  presented i n  hundreds of  f e e t  
as a n  a i t e r n a t i v e  o r  a d d i t i o n  t o  t h e  d i s p l a y  of s p e c i f i c  t e r r a i n  f e a t u r e s .  
D i f f e r e n t  g r i d  s i z e s  were used f o r  d i f f e r e n t  s c a l e s :  2-mile g r i d s  f o r  t h e  
4-, 8-, and 16-mile maps; 5-mile g r i d s  f o r  t h e  32-mile map; and 10-mile g r i d s  
fo r  t h e  64- and 128-mile maps. The ground-referenced g r i d  surrounding t h e  
p i l o t ' s  own a i r c r a f t  as w e l l  a s  ad jacen t  a r e a s  ahead and t o  t h e  s i d e  were 
Figure  6.- T e r r ~ i n  symbol le r i m p  on a 32-mile map r e p r e s e n t i n g  a  
-outhern approach- t o  s i n  J o s e  Municipal Ai rpor t .  
d isplayed ( f i g .  7) .  I n  concept,  t h e  g r i d  d i s p l a y  is  s i m i l a r  t o  t h e  minimum 
s a f e  a l c i t u d e  warning (MSAiJ) d a t a  base  c u r r e n t l y  i n  use  by ATC with  which 
c o n t r o r l e r s  au tomat ica l ly  r e c e i v e  a  warning when a n  a i r c r a f t  is  i n  immediate 
jeopardy o r  when i t  ts pred ic ted  t h a t  i t  w i l l  be w i t h i n  30 s e c .  The p i l o t s  
were asked t o  -ks- ond t o  32 i tems r e l a t e d  t o  t h e  d i s p l a y  of t e r r a i n .  . 
URUNAL PAGE IS 
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Figure 7.- Five-mile square grids that depict the minimum safe altitude in 
each section in hundreds of feet (superim~osed on a 16-mile map). 
Weather d i s p k p  A CDTI could include a graphic display of weather as 
well as other types of information. The questions studied with respect to 
providing such an option included: (1) Should weather be displayed on the 
CDTI at all? (2) Should a weather display appear at pilot request and/or 
automatically? (3) What information about weather should be displayed? 
and (4) How should information about weather be displayed? 
The p i l o t s  were shown th ree  candidate d isp lays  depic t ing  weather only and 
weather i n  combination with o the r  types of information, One d isp lay  depicted 
the loca t ion  of the weather by r a d i a l  l i n e s  emanating from a radar  s i t e ,  with 
a l e t t e r  ind ica t ing  a reas  of i n t ens i ty .  I n  t h i s  study, d i f f e r e n t  l e t t e r s  were 
used t o  i nd ica t e  the  na ture  of the weather (e.g., "A" f o r  h a i l  and "R" f o r  
ra in) .  A second a l t e r n a t i v e  displayed the  l e t t e r 8  only t o  i nd ica t e  the lot- 
t i on  and nature of heavy l l rec ip i ta t ion .  A t h i rd  a l t e r n a t i v e  was s h o w  i n  
1 which a dot pa t t e rn  was superimposed on the  map t o  show loca t ion  of weather only, with no ind ica t ion  of i n t e n s i t y  o r  na ture  ( f i g .  8). The color-coded 
Figure 8.- Example of graphic d i s p l a y  of the loca t ion  of weather superimposed 
on a 32-mile map. 
digital weather displays that are comercially available were not simulated, 
although the pilots were free to select that as an option iastead of the three 
that they were shown. The pilots were asked to respond to 13 different ques- 
tions related to a display of weather. 
Own aircraft dispZay- Different ways of representing a pilot's own 
aircraft were investigated with particular emphasis on: (1) symbology; 
(2) location of the symbol on the display; and (3) the relationship between 
the representation for own and other aircraft. The pilots were told that the 
location of the symbol representing their own aircraft would be fixed and that 
the map would rotate in a heading or track-up orientation mode. 
Six symbols, including most of the symbols that are in current use, were 
shown to the pilots on a single display with and without flight path predic- 
tors (fig. 9). In addition, each of the symbols was shown to the pilots in 
Figure 9.- Candidate symbols for own aircraft. 
the context of a basic navigation display. Three possible vertical Iocatias 
for the own aircraft symbol were shown for a track-up map orientation (it was 
always centered laterally): (1) centered; (2) offset so that 2/3 of the map 
was ahead; and (3) offset so that 3/4 of the map was ahead. In addition, the 
pilots were asked whether the symbols for own and other aircraft should be 
differentiated by symbol shape, size, or color, or by some combination. 
Forty-three different questions were asked regarding own aircraft symbology 
and location. 
Traffic disptay- Since the primary function of a CDTI will be to provide 
a graphic display of adjacent traffic, a major effort was made to determine: 
(1) Wnat other aircraft shodd be displayed? (2) What symbology should be 
used? (3) What information about the status of other aircraft should be dis- 
played in addition to position? and (4) How should it be presented? Nearly 
half of the questions that the pilots were asked were related to displaying 
the position and status of other aircraft. 
Rules for displaying other aircraft- If all aircraft within the range of 
the map were displayed, a CDTI might become too cluttered. Rules were inves- 
tigated by which the proportion of aircraft shown would be limited to those 
that are relevant. The logic for determining which other aircraft should be 
displayed could be related to own aircraft altitude, speed, or map scale, or 
to some combination. Displayed traffic could also be limited to those on the 
pilot's own routc and intersecting routes or those within a specific lateral 
distance. Several rules for displaying other aircraft were described to the 
pilots and representative displays were shown. 
Symbology faze other aircraft- The simplest representation of another 
aircraft would be a nondirectional symbol that depicts position only. A 
nondirectional symbol could be a square, diamond, pound sign, pentagon, or 
octagon. In this study, the concept of a nondirectional symbol was repre- 
sented by a circle. The symbol could also include information about direction 
of flight. A track line could be added to a nondirectional symbol, or the 
symbol's orientation could depict the aircraft's direction of flight (e.g., a 
directional symbol). In this s ~ d y ,  an isosceles triangle and a track line 
added to the circular, nondirec.iona1 symbol were suggested as two ways to 
display direction of flight. In addition, a flightpath history or "trail" 
was provided to display several previous positions of other aircraft. This 
also provided an indication of direction of iii&t by extrapolation. 
Each of the five basic symbols (fig. 10) was used as the symbol for other 
aircraft on a 32-mile traffic situation display that represented a traffic 
Figure 1 .O.- Representative directional and nondirectional symbols for other 
aircraft with and without flightpath history. 
density typical of the San Jose area, with altitudes within 24,000 ft of the 
pilot's own. altitude (fig. 11). The same positions, altitudes, and densities 
were used for each of the displays. The pilots were asked to rate each of 
the five basic symbols for visibility and the ease with which they could 
determine the intent of an aircraft depicted by that symbol. 
Coding of symbols for other aircraft- The shape of the symbol used to 
depict the position of other aircraft could also be varied to display 
Figure 11.- Traffic display superimposed on a 32-mile map: directional symbols 
with flightpath history. 
additional status information graphically. Examples of eight coding schemes 
were shown in which the shapes of the symbols were varied to depict ATC status 
alone (fig. 12) or ATC status and CDTI equippage (figs. 13 and 14) and the 
relative altitude of the aircraft with respect to the altitude of a pilot's 
own aircraft (figs. 15 and 16). Two relative altitude encoding concepts were 
shown: (1) the nondirectional symbols differentially indicated whether an 
aircraft was above, at, or below the altitude of a pilot's own altitude; and 
(2) the directional symbol showed whether another aircraft was at the same 
altitude as the pilot's own aircraft, but did not differentiate between air- 
craft that were above or below. Three coding schemes combined information 
CONTROL UNDERATC A 
CONTROL 
Figure 12.- Examples of symbols coded to depict whether an aircraft is under 
ATC control. 
UNDER ATC CONTROL 
CDTl 0 
UNDERATCCONTROL 
NO CDTl 
NOT UNDER ATC CONTROL ,/-\ 
NO CDTl \ 1 
L*' 
Figure 13.- Examples of symbols coded to depict whether an aircraft is under 
ATC control and is CDTI-equipped. 
F i ~ u r e  14.- Traffic display superimposed on n 32-mile map: directional symbols 
with flightpath history coded to depict ATC control and CDTI equippage. 
ABOVE OWN 
ALT lTUDE n 
AS OWN 
ALTITUDk 
BELOW OWN 
ALTITUDE 
DIRECTIONAL 
Figure 15.- Example of directional and nondirectional symbols coded to depict 
the relative altitude of another aircraft. 
about relative altitude with presence or absence of ATC control (fig. 17) and 
CDTI equippage (figs. 18-20). 
After the pilots were familiarized with the coding schemes, each of the 
different coding concepts and symbologies was presented, with and without 
flightpath histories and track lines, in the context cf 32- and 128-mile maps. 
The pilots were asked to evaluate each of the combinations of basic symbol 
shapes (directional or nondirectional) with and without fiightpath histories 
and status encoding (relative altitude, ATC statue, and CDTI equippage) for 
concept and symbology and to select the one that they prcferred. 
AdditionaZ status information- The pilots were asked to specify what 
additional information they might need to know about the status of other 
aircraft. They were given a list of 18 items (table 1) and were asked to 
indicate whether they felt each individual item was: (1) necessary; 
(2) desirable but not necessary; (3) not needed; or (41  not wanted. 
Figure 16.- Traffic display superimposed on a 32-mile map: directional symbols 
with flightpath history coded to depict the relative altitude of another 
aircraft . 
AT OWN ABOVE OR BELOW 
ALTITUDE OWN ALTITUDE 
CON1 ROL 
uNDERATc A 
NOT UNDER 
ATC CONTROL 
Figure 17.- Example of s: bols coded to depict relative altitude and ATC 
co~,trol status of another aircraft. 
AT OWN ABOVE OR BELOW 
ALTITUDE OWN ALTITUDE 
UNDER ATC CONTROL 
COT1 
UNDER ATC CONTROL 
NO COT1 a 
'J3T UNDER ATC CONTROL 
NO CDTl 
Figure 18.- Example of directional symbols coded to depict the relative 
altitude, ATC status, and CDTI equippage of aaother aircraft. 
ABOVE OWN AT OWk BELOW OWN 
ALTITUDE ALTITUDE ALTITUDE 
UNDER ATC CONTROL 
NO CDTl 
NOT UNDER ATC CONTSOL 
NO CDTI j r--7 '.-/ \-/ 
Figure 19.- Example of nondirectional symbols coded to depict the relative 
altitude, ATC status, and CDTI (quippage of another aircraft. 
Figure 20.- Traffic display superimposed on a 128-mile map: nondirectional 
symbols with fl ightpath history coded to depict the re lat ive  a l t i tude ,  
ATC s tatus ,  and CDTI equippage of another a ircraf t .  
TABL5 1.- INFORMATION ABOUT THE STATUS OF OTHER AIRCRAFT 
THAT COULD BE DISPLAYED ON A CDTI 
1. Identificati~n 10. 
2. Weight class 11. 
3. Aircraft type 12. 
4. Altitude 13. 
5. Assigned altitude 14. 
6. Relative altitude 15. 
7. Vertical speed 16. 
8. Climbing or descending 17. 
9. Ground speed 18. 
Ground track 
Heading 
Destination airport 
Assigned runway 
Sequence number for landing 
Flightpath history 
ATC status 
CDTI onboard or not 
Emergency status 
They were then asked to select a preferred display format for the different 
types of status information: (1) symbol encoding (by shape or colo~-); 
(2) digital data blocks; (3) digital data blocks displayed at pilot request 
only; and (4) an alphanumeric table on an additional display. They were 
asked also to rate different data block formats and to select a method for 
requesting a data block display. Figure 21 depicts a traffic situation dis- 
play superimposed on a 16-mile map in which data blocks are displayed beside 
each aircraft. 
Monochrmatic us multisoior dis2lays- The final phase of this study 
involved simultaneous presentation of a cross section of the displays shown 
monochromati.:ally (green onlv) and with color coding (green for navigation, 
yellow for terrain and weather, and red for digital and syl~bolic information 
abo2t own and other aircraft) to determine, in the pilot's opicion, whether 
color coding was necessary for speed and accuracy of recognition, to evaluate 
the intent and position of other aircraft, to maintain separation, and for 
merging. Further, they were asked whether they preferred that different cate- 
gories of information be differentiated from each other by color coding, 
symbol configuration, or printed labels. 
Concluding questions- At the conclusion of the study, the pilots were 
asked their opinions about several display features that they had not been 
shown (e.g., map scaling and display size). In addition, they were asked to 
estimate the effect a CDTI might have on their workload and whether they felt 
that a CDTI would provide them with useful information about the position and 
intention of other aircraft. 
RESULTS 
Statistical Procedure 
The responses to each of the questions were summarized for each subject 
group individually and then combined across groups. No significant group 
effect was found for any of the questions. The significance of the pilots' 
Figure 21.- Traffic display superimposed on a 16-mile map: data blocks are 
provided that present avai lable  informatior. about the i . d . ,  sequence number 
for landing, a l t i tude ,  direction of vert ica l  change, assigned a l t i tude ,  
ground speed, heading, and destination airport of other a i rcra f t .  
responses was computed in the following way: (1) because the responses were 
discrete in nature and the expected cell values of the alternatives were 
small, the multinomial distribution was used to determine a test for statis- 
tical significance; (2) with the assumption that the alternative choices 
allowed for each question were equally likely to be chosen by each of the 
23 subjects, the probability that the favored one (or more) of the alter- 
natives would be chosen R or more times by chance alone was computed; and 
(3) the value of R when p = 0.05 was used as the critical value for the 
95%(*) level of confidence that a significant preference was indicated by 
the data. A similar value oE R m u  determined for the 99%(**) level of 
confidence (table 2). 
TABLE 2 - CRITICAL VALUES (MINIMUM NUMBER AND PERCENT OF SJJECTS 
SZiE':TING A SPECIFIC ALTERNATIVE) REQUIRED TO ASSERT THAT A SIGNIF- 
mwr PREFERENCE WAS EVIDENT IN THE RESPONSES OF THE 23 SUBJECTS 
Navigation Display 
Level of confidence 
SyrnboZogy- A significant number of pilots (between 83 and 100%) considered 
each of the proposed symbols (fig. 4) to be acceptable. In addition, several 
pilots suggested that their own route and the symbol for the destination aiy- 
port should be distinctive. 
Craphic d i sp lay  o f  airporat control zone- Although 64% of the pilots 
wanted the airport control zone (i.e., a circle around the airport with a 
5-mile radius) to be displayed graphically on the 8- and 16-mile maps, less 
than 25% of them wanted it displayed for any other map scale. 
Number of 95% 
; ij , ii 48 4 3 i 10 35 I
99% 
alternative 
responses Number of 
possible subjects 
choosing 
one of the 
alternatives 
2 17 
3 14 
I 
~bmber of 
subjects 
choosing 
one of the 
alternatives 
18 
Percent of 
subjects 
choosing 
one of the 
alternatives 
7 4 
61 
Percent of 
sub,iects 
choosing 
one of the 
alternatives 
78 
6 5 
56 
Route structure- Fifty-seven pe rcen t  of t h e  p i J o t s  wanted t h e i r  own r o u t e  
t o  be t h e  on ly  one d i sp layed  f o r  t h e  4- and 8-mile maps ( f i g .  22).  For i n t e r -  
mediate map scales, 52% of  t h e  p i l o t s  wanted i n t e r s e c t i n g  r o u t e s  a s  we l l  a s  
t h e i r  own displayed.  For t h e  64-  and 128-mile maps, 45% wanted t h e i r  own and 
i n t e r s e c t i n g  r o u t e s  d i sp layed ,  and 52% wanted a l l  of t h e  r o u t e s  wi th in  t h e  
range of t h e  map d i sp layed .  
- 
0 OWN ROUTE ONLY 
I = OWN AND INTERSECTING 
- 
ROUTES 
A = ALL ROUTES 
O I A  O I A  O I A  
0-10 10-50 50-100 
RANGE OF CDTl (MI) 
Figure  22.- P ropor t ion  of r o u t e s  wi th in  map range t o  d i s p l a y  f o r  d i f f e r e n t  
map scale: .  
Labels- A s i g n i f i c a n t  number of p i l o t s  (75 t o  90%) wanted i n t e r s e c t i o n s ,  
a i r p o r t s ,  and navaids  t o  be i d e n t i f i e d  a t  in te rmedia te  map s c a l e s .  Less than 
50% of them f e l t  t h a t  l a b e l s  were necessary  f o r  the  4-, 64-, and 128-mile maps. 
Taxiways- One-third of t h e  p i l o t s  f e l t  t h a t  taxiways should  be d i sp layed  
on t h e  4-mile map. The remaiaing pi1  ~ t s  f e l t  t h a t  taxiways should be d i s -  
played on ly  a f t e r  t h e  a i r c r a f t  landed o r  not  a t  a l l .  
D i g i t a l  d i s p l a y  ')f heading/gnound t r ack-  One-third of the  p i l o t s  
p r e f e r r e d  a  d i g i t a l  d i s p l a y  of t h e i r  own a i r c r a f t  heading,  48% p r e f e r r e d  a  
d i g i t a l  d i s p l a y  of t h e i r  own ground t r a c k ,  and 17% s e l e c t e d  both .  
Digital d i s p l a y  of map scale- One-third of t h e  p i l o t s  p r e f e r r e d  .I 
d i g i t a l  d i s p l a y  of  t h e  t o t a l  nuuiber of mi les  covered by the  map, 52% s e l e c t e d  
t h e  a l t e r n a t i v e  of d i s p l a y i n g  t h e  number of mi les  t o  the  top of t h e  map, and 
16X wanted both.  Severa l  p i l o t s  commented t h a t  they would p r e f e r  a  g r i d  o r  
range r i n g s  f o r  mileage r e f e r e n c e  displayed on t h e  map a t  p i l o t  r eques t .  
I n  a d d i t i o n  t o  t h e  o p t i o n s  t h a t  t h e  p i l o t s  were shown and the  a l t e r n a t i v e  
responses  t h a t  were provided,  t h r e e  o r  more p i l o t s  suggested t h e  fo l lowing  
op t ions :  (1) show a i r  c a r r i e r  a i r p o r t s  on ly ;  (2) provide  t h e  p i l o t  wi th  t h e  
o p t i o n  of cance l ing  the  d i s p l a y  of  smal l  a i r p o r t s ,  secondary i n t e r s e c t i o n s ,  
and navaids ;  (3)  provide l a b e l s  on own r o u t e  only;  ( 4 )  a l low p i l o t s  t h e  o p t i o n  
of s e l e c t i n g  t h e  number of r o u t e s  i n  a d d i t i o n  t o  t h e i r  own t o  be d i sp layed ;  
and (5) d i s p l a y  primary holding p a t t e r n s  and missed approach r o u t e s  a t  
p i l o t  r eques t .  
T e r r a i n  Display 
A s i g n i f i c a n t  number of p i l o t s  (91%) f e l t  t h a t  a t e r r a i n  d i s p l a y  should  
be incorpora ted  i n t o  a CDTI. A l l  o f  t h e  p i l o t s  wanted t h e  d i s p l a y  t o  appear  
au tomat ica l ly  i f  t h e i r  a i r c r a f t  had descended below t h e  minimum s a f e  a l t i t u d e ,  
and 77% f e l t  t h e  t e r r a i n  d i s p l a y  should appear a t  p i l o t  r eques t  as a n  addi-  
t i o n a l  op t ion .  
SymboZqgy- Although more than h a l f  of t h e  p i l o t s  found t h e  t e r r a i n  
symbols t h a t  were used ( f i g .  5) t o  be accep tab le ,  a s i g n i f i c a n t  number of 
them thought t h a t  only  two symbols were necessary:  one symbol f o r  manmade 
o b s t r u c t i o n s  and one f o r  n a t u r a l  o b s t r u c t i o n s .  They r e p o r t e d  p r e f e r r i n g  t h e  
f i r s t  and last symbols shown i n  f i g u r e  5 i f  on ly  two symbols were used t o  
d e p i c t  t e r r a i n .  
Rules for  d i s p k y i n g  terrain- A l l  of  t h e  p i l o t s  r e p o r t e d  t h a t  t h e  t e r r a i n  
f e a t u r e s  d i sp layed  should be r e l a t e d  t o  t h e i r  own a i r c r a f t s '  a l t i t u d e .  I n  
a d d i t i o n ,  many p i l o t s  f e l t  t h a t  t h e  p ropor t ion  of t e r r a i n  f e a t u r e s  d i sp layed  
should va ry  wi th  map s c a l e  and/or  wi th  own a i r c r a f t  speed a s  we l l .  More than 
h a l f  of  t h e  p i l o t s  thought t h a t  o b s t a c l e s  l e s s  than 1,000 o r  2,000 f t  below 
r h z i r  own a i r c r a f t  should be t h e  on ly  ones d i sp layed  ( f i g .  23) .  
u 
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Figure  23.- Maximum d i s t a n c e  of o b s t r u c t i o n s  beneath own a i r c r a f t  t h a t  should 
be included i n  a t e r r a i n  d i s p l a y  on a  CDTI, 
One-fourth of  t h e  p i l o t s  f e l t ,  however, t h a t  t h e  a l g o r i t h m  f o r  d i s p l a y i n g  
o b s t a c l e s  should  vary  wi th  a l t i t u d e  ( i . e . ,  t h e  c l a s e r  t h e  a i r c r a f t  i s  t o  t h e  
ground, t h e  c l o s e r  t h e  o b s t a c l e  should be t o  t h e  a i r c r a f t  b e f o r e  it is  d i s -  
played on t h e  CDTI). 
Severa l  p i l o t s  suggested t h a t  on ly  those  obs:acles t h a t  a r e  d i r e c t l y  i n  
t h e  pa th  of  t h e i r  owr, a i r c r a f t  should  be d i sp layed .  Others  suggested t h a t  
t e r r a i n  symbol s i z e  should va ry  wi th  t h e  h e i g h t  of t h e  o b s t r u c t i o n  and t h a t  
c o l o r s  should be used t o  provide  a r e l i e f - t y p e  r e p r e s e n t a t i o n  o f  mountain 
r idges .  
Grid disptaying minirmmr safe altitudes- More than ha l f  of t he  p i l o t s  
f e l t  t h a t  a  g r i d  with t he  mininun s a i e  a l t i t u d e  f o r  each sec t ion ,  displayed 
i n  hundreds of f e e t ,  would be an acceptable  a l t e r n a t i v e  t o  displaying s p e c i f i c  
obstacles .  A l l  but one of t h e  p i l o t s  f e l t  t h a t  the  g r id  should appear auto- 
mat ical ly  a s  a  warning and a t  p i l o t  request a s  an add i t i ona l  option. A t  l e a s t  
80% found the suggested g r i d  dimensions t a  be acceptable ,  and 74% wanted the  
minimum s a f e  a l t i t u d e  f o r  adjacent  a r ea s  I n  f r o n t  of and beside t h e i r  own 
pos i t ion  t o  be displayed i n  addi t ion  t o  t h a t  f o r  t h e i r  present  loca t ion .  
Weather Display 
A number of p i l o t s  f e l t  t h a t  weather should be ind ica ted  by an advisory 
message on the  CDTI but t h a t  t h e  weather d i sp lay  i t s e l f  should be on a  
separa te  instrument. I f  weather is t o  be displayed on t h e  CDTI ,  a l l  but one 
of the  p i l o t s  f e l t  t h a t  it  should be a t  p i l o t  request  o r  pi lot-cancelable .  
SymboZogy- Of the th ree  types of weather d i sp lays  shown, ha l f  of t he  
p i l o t s  p re fe r red  the  d i sp lay  t h a t  ind ica ted  l oca t ion  only,  and one-third 
preferred the  d i sp lay  t h a t  depicted loca t ion ,  i n t e n s i t y ,  and na ture  of t he  
weather. A number of p i l o t s  commented t h a t  they prefer red  the  d i g i t a l  
weather radar  d i sp lays  cu r r en t ly  i n  use and would r a the r  have one of them a s  
a  separa te  weather display.  
Informatian to dispky- A l l  of t he  p i l o t s  f e l t  t h a t  a  weather d i sp lay  
should a t  l e a s t  dep ic t  t h e  loca t ion  of t h e  weather. I n  addi t ion ,  87% f e l t  
t h a t  t h e  d i sp lay  should i nd i ca t e  t he  i n t e n s i t y  of t h e  weather a s  wel l ,  and 
61% f e l t  t h a t  the  d i sp lay  should a l s o  inform the  p i l o t  about the  na ture  of 
the  weather. This implies  t h a t  the p i l o t s  wanted the  information t o  be d i s -  
played but i n  a  format d i f f e r e n t  from tha t  used i n  t h i s  survey. The format of 
the weather d i sp lay  should not  vary with a l t i t u d e  o r  map sca l e ,  but d i f f e r e n t  
l e v e l s  of d e t a i l  and complexity should bc ava i l ab l e  a t  p i l o t  request .  
Own Airc ra f t  Display 
SymboZogy- A t  l e a s t  50% of the  p i l o t s  f e l t  t h a t  each of the  s ix  symbols 
suggested f o r  own a i r c r a f t  ( f i g .  9) were acceptable  f o r  navigation, viewing 
ease,  and f o r  the  task  of maintaining separa t ion  ( f i g .  24(a)).  Several 
p i l o t s  commented, however, t h a t  the  e q u i l a t e r a l  t r i a n g l e  would not be an 
acceptable symbol f o r  a  north-up map o r i en t a t i on  because i t  would be d i f f i -  
c u l t  t o  determine t h e i r  d i r e c t i o n  of f l i g h t  with i t .  Only two of the  symbols 
were found t o  be acceptable  by a  s i g n i f i c a n t  number of p i l o t s  (e .g . ,  more 
than 74%). When shown i n  combination with a  f l i g h t  path pred ic tor ,  ra ted  
accep tab i l i t y  of the  symbols changed ( f ig .  24(b)).  St ick-f igure symbols were 
general ly  found t o  be unacceptable when combined with a 90-sec f l i g h t p a t h  
pred ic tor .  The p i l o t s  were a l s o  asked t o  s e l e c t  t he  one symbol t h a t  they 
preferred t o  represent  t h e i r  own a i r c r a f t .  A s i g n i f i c a n t  number of them (48%) 
eelected the  chevron from the s i x  a l t e r n a t i v e s  ( f i g .  24(c) ) .  
( a )  A c c e p t a b i l i t y  of each 
b a s i c  symbol. 
(b) A c c e p t a b i l i t y  of each symbol 
i n  combination wi th  f l i g h t -  
pa th  p r e d i c t o r .  
( c )  S ing le  p r e f e r r e d  symbol. 
PROPOSED SVMBOLS FOR OWN AIRCRAFT 
Figure  24.- Rated a c c e p t a b i l i t y  of symbols f o r  o t h e r  a i r c r a f t  a lone  and i n  
combination wi th  a f l i g h t p a t h  p r e d i c t o r  and r a t e d  preference.  
Location of am a ircra f t  symbol on the map- Most of t h e  p i l o t s  (96%) 
f e l t  t h a t  t h e  p o s i t i o n  of t h e i r  own a i r c r a f t  should be centered l a t e r a l l y  and 
o f f s e t  v e r t i c a l l y  toward t h e  bottom of t h e  d i s p l a y  s o  t h a t  a  g r e a t e r  percen- 
t age  of t h e  map a r e a  was ahead wi th  a heading-up map o r i e n t a t i o n  ( f i g .  25). 
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ALTERNAT W E  LOCATIONS FOR OWN AIRCRAFT ON l CDTI 
Figure  25.- P re fe r red  l o c a t i o n  o f  own a i r c r a f t  symbol on CDTI (heading-up 
o r  track-up o r i e n t a t i o n ; .  
, . A s i g n i f i c a n t  number of them (61%) f e l t  t h a t  t h e  p o s i t i o n  of t h e i r  a i r c r a f t  
should be o f f s e t  so  t h a t  two-thirds of t h e  map was ahead. Several  of t h e  
p i l o t s  pointed o u t ,  however, t h a t  t h e  p o s i t i o n  of t h e i r  own a i r c r a f t  must be 
centered on t h e  d i s p l a y  wi th  a  north-up map o r i e n t a t i o n .  
RaZationship betueen synlboZs for am and other a ircraf t -  A s i g n i f i c a n t  
number of  p i l o t s  r epor ted  t h a t  t h e  symbol f o r  t h e i r  own a i r c r a f t  should  be 
l a r g e r  (81%) and a  d i f r c r e n t  shape (96%) than t h e  symbol(s) used f o r  o t h e r  
a i r c r a f t ,  I n  a d d i t i o n ,  s e v e r a l  p i l o t s  commented t h a t  they  should  be d i f f e r -  
e n t i a t e d  by c o l o r  a s  we l l .  
T r a f f i c  Display 
Rules for displaying other aircraft-  None of t h e  p i l o t s  f e l t  t h a t  a l l  
a i r c r a f t  w i t h i n  map range should be displayed.  A l l  but  one f e l t  t h a t  t h e  
p ropor t ion  of o t h e r  a i r c r a f t  d i sp layed  should be l i m i t e d  t o  those  w i t h i n  a  
s p e c i f i c  v e r t i c a l  d i s t a n c e  of  t h e i r  own a i r c r a f t .  S s v e r a l  of them a l s o  
repor ted  t h a t  t h e  p ropor t ion  of o t h e r  t r a f f i c  d i sp layed  should be r e l a t e d  t o  
t h e  speed of t h e i r  a i r c r a f t  and/or  t h e  map s c a l e .  I f  t h e  number of a i r c r a f t  
d i sp layed  was l i m i t e d  t o  a  s p e c i f i c  a l t i t u d e  s e c t i o n  above and below t h a t  of  
t h e i r  own a l t i t u d e ,  a  s i g n i f i c a n t  number of p i l o t s  (65%) s e l e c t e d  a  range of 
22,000 f t  f o r  f i n e  tuning,  and 43% s e l e c t e d  t h e  same range f o r  merging, bo th  
of  which a r e  nav iga t ion  f u n c t i o n s  ( f i g .  26 j .  For r o u t i n e  monitoring of o t h e r  
a i r c r a f t ,  t h e r e  was l e s s  agreement about t h e  p ropor t ion  of c t h e r  a i r c r a f t  t o  
d i s p l a y :  35% of the  p i l o t s  s e l e c t e d  a  range of 22,000 f t ,  13% s e l e c t e d  
23,006 f t ,  and 30% s e l e c t e d  24,000 f t .  
:lOOOft '200011 ?3000ft  +4000f t  t5000ft  
ALTITUDE SECTION 
Figure  26.- Height of a l t i t u d e  s e c t i o n  above and below the  a l t i t u d e  of a  
p i l o t ' s  own a i r c r a f t  w i t h i n  which a l l  t r a f f i c  should be d i sp layed ;  r a t e d  
opt imal  f o r  f i n e  tuning (FT), merging (ME), and monitoring (MO). 
Only 48% of t h e  p i l o t s  f e l t  t h a t  i t  would be a p p r o p r i a t e  t o  l i m i t  t h e  
d i s p l a y  of o t h e r  a i r c r a f t  t o  those  on t h e i r  own and i n t e r s e c t i n g  r o u t e s .  
This  op t ion  would e l i m i n a t e  most g e n e r a l  a v i a t i o n  a i r c r a f t  from a  CDTI d i s -  
p lay  and, f o r  t h a t  reason,  i t  was not  s e l e c t e d  by many p i l o t s .  Although 74% 
f e l t  t h a t  the  o t h e r  a i r c r a f t  d i sp layed  should be l i m i t e d  t o  those  w i t h i n  a  
s p e c i f i c  l a t e r a l  d i s t a n c e  of t h e i r  own a i r c r a f t ,  t h e r e  was l i t t l e  agreement 
about what t h a t  d i s t a n c e  should be. A number of p i l o t s  r epor ted  t h a t  they 
- '. wanted a i r c r a f t  a t  a  g r e a t e r  l a t e r a l  d i s t a n c e  from t h e i r  own p o s i t i o n  d i s -  
played when they were a t  h igher  a l t i t u d e s  and p r o p o r t i o n a l l y  more of t h e  a i r -  
c r a f t  w i t h i n  map range d i sp layed  a t  lower a l t i t u d e s  when t h e  map s c a l e  would 
cover a  s m a l l e r  a r e a .  
Symbology for other uircraft-  The p i l o t s  were shown f i v e  symbols f o r  
o t h e r  a i r c r a f t  ( f i g .  10)  t h a t  r ep resen ted  f o u r  d i f f e r e n t  l e v e l s  of 
information: (1) poeition only; (2) position and direction of flight; 
(3) position and flightpath history; and (4) poeition, direction of flight, 
and flightpath history. Only 35% of the pilots found the nondirectional 
symbol, presented without a ground track line or flightpath history, to be 
acceptably visible, and only 4% found it acceptable for determining intent 
(fig. 27); however, 74% found this symbol to be acceptable for determining 
NONOIRECT IONAL SYMBOLS DIRECTIONAL SYMBOLS 
Figure 27.- Rated acceptability of the basic symbols proposed to represent 
other aircraft for visibility (V) and information provided about the 
intent of another aircraft (I). 
the intent and ?mition of other aircraft %hen either a flightpath history or 
track line is added. The directional symbol, by itself, was not found to be 
acceptable by a significant number of pilots; however, 83% of them rated it 
as acceptable for vieibility and 94% rated it as acceptable for determining 
intent when a flightpath history was added. 
Ftightpath history- It was clear thst the pilots thought that a flight- 
path history should be included in a CDTI display: 94% felt that it improved 
their ability to determine the position and intent of other aircraft, even 
though it might increase display clutter. The interval between displayed 
flightpath history positions should be 4 sec (48%) or 8 sec (39%). 
Coding of symbots for other aircraft- The pilots were asked whether each 
of the coding schemes suggested (figs. 12, 13, 15, 17-19) was acceptable. At 
least 65% found the three coding schemes that depicted ATC statva to be 
acceptable (fig. 28(a)). All but two of the pilots found the r'dative alti- 
tude encoding method used for the nondirectional symbol to be acceptable; 
however, fewer than half of them considered the coding scheme propobed for 
the directional symbol to be acceptable. A significant number of pilots (74%) 
felt that the multiple encoding of relative altitude, ATC control, and pres- 
ence of CDTI with the nondirectional symbol was acceptable, but only 26% of 
them found the other two examples of multiple encoding schemes to be accep- 
table. When asked to select the one coding scheme that they preferred for 
concept and symbology, a significant number of pilots selected the nondirec- 
tional symbol - encoded for relative altitude, ATC control, and presence of 
CDTI - for concept (52%) and symbology (43%). even though it did not depict 
direction of flight (fig. 28 (b)) . 
Acceptability of each 
coding scheme (rated 
separately). 
Coding scheme preferred 
for concept (C) and 
symbology (S)  . 
W 
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Figure 28.- Acceptability of each coding scheme that was presented and the 
single coding scheme preferred for concept and symbology. 
Finally, the pilots were asked to select the single symbol or set of 
symbols that they preferred among the 24 options presented (fig. 29). A 
significant number (39%) selected the nondirectional symbol with flightpath 
history that encoded ATC status, CDTI equippage, and relative altitude. None 
of the pilots selected an alternative that depicted position alone. All of 
them selected symbols that depicted at least some additional information 
about the status of the other aircraft: (1) 72% selected a symbol or com- 
bination of symbols that included path history; (2) 51% selected a symbol 
that displayed direction of flight; (3) 82% selected symbols that encoded 
relative altitude (61% chose symbols that differentiated between aircraft 
that were at, above, or below own altitude, and 21% chose symbols that  simply 
differentiated aircraft at own altitude from those that were not); and 
(4) 92% selected symbols that encoded ATC status. 
. 
-60-.' a!: -- 
It was apparent that the pilots would have preferred a directional symbol 
that differentiated between aircraft at, above, or below the altitude of a 
pilot's own aircraft. The coding scheme that was used for the directional 
symbols did not include all of this information s*nd will require further 
development. 
a 0 
-
Additional status infmmation- The pilots were asked to evaluate the 
potential value of 18 different types of information about the status of 
other aircraft. A significant number of pilots (74% or more) felt that it 
would be neceseary or desirable to know: (1) altitude; (2) emergency status; 
(3) ATC status; (4) ground track; ( 5 )  ground speed; (6) weight class; and 
(7) flightpath history. In addition, 70% of the pilots wanted to know the 
relative altitude of other aircraft (table 3). 
When asked to select the format for the different types of status 
information, more than 54% selected digital data tags displayed at pilot 
request (table 3). None of the other display options was selected by a 
I STATUS INFORMATION OLPlCTEO IN 
%OF CILOm THAT 
SELECTED EACH 
ALTERNATIVE 
Figure 29.- Preferred symbology for other aircraft selected from the 
24 alternatives presented. 
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significant number of pilots, except for symbolic representation of the flight- 
path history. Virtually none of the pilots felt that information about the 
status of other aircraft should be presented on an additional display. As 
many as 48% of the pilots did not select any display format for low-priority 
items. 
Information setectiun method- Seventy-eight percent of the pilots 
indicated that they preferred a touch-sensitive display to request a block of 
information about the status of another aircraft. None of the other options 
presented in table 4 was selected as a first or second choice by more than 
13% of the pilots, 
TABLE 4 . -  DATA BLOCK SELECTION METHOD 
Percent of pilots who 
selected each method as 
a first or secand choice 
Method of selec tlon 
Touch-sensitive display 
Single button to requea:. data 
blocks on all aircraft 
Keyboard entry of aircraft i.d. 
for data on a single aircraft 
Buttons along display to request 
data on all aircraft in a 
specific area 
A single switch to request dif- 
ferent levels of complexity 
of information on all aircraft 
Data block format- Ten examples of data blocks that depicted different 
amounts and types of status information were shown to the pilots. They were 
asked to select which, if any, they would want displayed: (1) permanently 
for all aircraft; (2) at pilot request for all aircraft; and (3) at pilot 
request for a single aircraft. Less than 22% of the pilots selected any one 
data block format for permanent display or at pilot request for all aircraft. 
Forty percent of the pilots did not want any type of data block if it was to 
be displayed beside all aircraft within the range of the map at the same time. 
If the data block was to appear at pilot request for a single aircraft, how- 
ever, 69% selected the sample data block that displayed: (1) Identification; 
(2) Altitude; (3) Assigned altitude; (4) Direction of flight (climb/descend); 
(5) Vertical speed; (6j Heading; (7) Ground speed; (8) Landing sequence 
number; and (9) Destination airport. Most of the pilots (83%) did not want 
the units of measurement (feet, knots, etc.) in the data block. Several of 
the  p i l o t s  suggested t h a t  t h e  informat ion p resen ted  i n  a  d a t a  b lock should  
va ry  wi th  phase of f l i g h t .  
They i n d i c a t e d  t h a t  informat ion missing from a  d a t a  block should be 
represen ted  by a  row of  "XXXs" (63%) o r  a b lack  space  (56%). A s i g n i f i c a n t  
number of p i l o t s  (87%) a l s o  f e l t  t h a t  a  warning message should appear auto-  
m a t i c a l l y  i n  t h e  d a t a  b lock p o s i t i o n  i f  t h e  r a d a r  t r a c k  of an  a i r c r a f t  is 
l o s t  o r  i f  t h e  informat ion i s  u n r e l i a b l e .  
Monochromatic v s  Mul t i co lo r  Displays  
A f t e r  see ing  a  number of t h e  monochromatic d i s p l a y s  presented next  t o  t h e  
same d i s p l a y s  i n  t h r e e  c o l o r s ,  t h e r e  were no p i l o t s  who s a i d  they d i d  not want 
m u l t i c o l o r  d i s p l a y s  i n  t h e  cockp i t  and only  two p i l o t s  who f e l t  t h a t  they d i d  
not need c o l o r  ( t a b l e  5 ) .  It was c l e a r  t h a t  p i l o t s  thought c o l o r  coding was 
TABLE 5.- PERCENT OF PILOTS WHO FELT MULTIPLE COLORS ON A CDTi ARE NECESSARY 
OR DESIRABLE TO PERFORM DIFFERENT FLIGHT-RELATED TASKS 
In£  ormation r e c o g n i t i o n  (speed) 
Informat ion r e c o g n i t i o n  (accuracy) 
Dis t ingu i sh ing  t r a f f i c  from o t h e r  
c a t e g o r i e s  of informat ion 
Dis t ingu i sh ing  t e r r a i n  from o t h e r  
c a t e g o r i e s  of informat ion 
Dis t ingu i sh ing  weather from o t h e r  
c a t e g o r i e s  of i n £  ormation 
Separa t ion  assurance 
Determining p o s i t i o n  of o t h e r  
9 i r c r a f  t 
Reading d a t a  t a g  informat  ion 
Determining i n t e n t  of o t h e r  a i r c r a f t  
- - -  - - -  
** = 95% l e v e l  of confidence.  
Pe rcen t  of a f f i r m a t i v e  
responses  
essential for information recognition, accuracy, and speed; discriminating 
among the symbais representing terrain, weather, and other airctaft; maintain- 
ing separation; and determining the position of other aircraft. Eighty-seven 
percent of the pilots reported that color coding decreased display clutter. 
Color coding was chosen as the preferred method for distinguishing 
weather (65%) and terrain (52%) from each other and from ail other types of 
information (fig. 30). An equal number of pilots selected color and symbol 
encoding as means of distinguishing one's own aircraft from other aircraft 
and one's own route from other routes, but felt that navaids, intersections, 
and other specific points should be identified by labels. Color coding was 
generally preferred alone or in combination with symbol configuration to faci- 
litate recognition and comprehension of information presented. 
u 
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Figure 30.- Preferred format for distinguishing different categories of 
information from each other. 
Concluding Questions 
P-t the conclusion of the study, the pilots were asked to express their 
opinions about the potential effect of CDTI and about several items that had 
not been presented. 
Map scale- The pilots were evenly divided in their opinions about 
whether map-scale changes should occur in discrete steps or continuously. A 
significant number of pilots (78%) responded that map-scale changes (discrete 
or continuous) should be determined by the speed and altitude of their own 
aircraft , 
DispZay size- A significant number of the pilots (61%) responded that 
the minimum acceptable vertical and horizontal dimension for a CDTI is 
9 in. (fig. 31), which was the lsrgest option provided. Only 30% of the 
pilots felt that a ?-in. display would be acceptable, and only 7% considered 
5 in. to be an adequate size. 
General opinion about CDTI- Although a significant number of pilots (74%) 
felt that a CDTI might increase their workload somewhat, none felt that their 
Figure 31.- P i lo t  opinion about the minimum acceptable s i z e  for a CDTI. 
( I )  WHAT IMPACT DO YOU THINK CDTl W'LL HAVE 
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Figure 32.- P i lo t  responses t o  questions about the potential  e f f e c t  of CDTI, 
workload would increase to unacceptable levels and 17% felt that their work- 
load might decrease (fig. 32(a)). A number of pilots commented that any 
increase in workload would most likely diminish after the initial familiari- 
zation period and two of them added that if there were an increase in workload, 
"It would be worth it," Several of the pilots commented that the CDTI must 
serve as a fundamental instrument combining several functions if the pilot's 
workload is to be reduced and flight safety effectively enhanced. Only one 
pilot expressed concern that a CCTI would keep his attention confined to 
the cockpit. 
Nineteen of the 23 pilots responded that the CDTI would provide useful 
information about the position and intention of other aircraft. Three of the 
remaining pilots agreed, but qualified their answer with concern about dis- 
play clutter and their relactance to have an additions1 single-purpose dis- 
play included in their cockpit. One pilot did not respond to this question 
(fig, 32(b)). 
CONCLUSIONS 
The results of this survey suggest that there is considerable agreement 
about preferred display content, format, and symbology among professional air 
carrier pilots. The pilots' responses should only be used as the basis for 
further research in which the display options for which they expressed a pre- 
ference are presented to additional pilots in a dynamic simulation environ- 
ment. This simulation research should determine whether the options for 
which pilots expressed a preference in static displays also contribute to 
efficient and accurate performance with minimal increase in pilot workload 
when presented in a more realistic dynamic environment. In addition, other 
options, such as map scaling, map orientation, and flightpath predictors, 
which can only be presented dynamically, should be studied. It is anticipated 
that recommendations about optimal information content, display format, and 
symbology for a candidate CDTI can be made at the conclusion of such simula- 
tion research. 
In the following section, the opinions expressed by a significant number 
of pilots included in this study will be summarized. In addition, three CDTI 
configurations have been created that include all of the display elements 
that a significant number oi pilots felt should be included for a 4-mile 
(fig. 33), 32-mile (fig. 34), and 128-mile (fig. 35) map scale. 
It is essential that any conclusions that the reader may draw from these 
results take into account the limitations of the research methodology: 
(1) the displays were presented statically; (2) the pilots could neither 
interact with the displays nor use them in an operational environment; 
(3) the results reflect subjective evaluations rather than objective measures 
of performance; and (4) because it was impossible to present all of the pos- 
sible format and symbology options and combinations of options, other alter- 
natives may exist that the pilots would have chosen had they been given the 
opportunity. 
Figure 33.- Graphic summary of pilot-preferred content, format, and symbology 
for a CDTI: 4-mile map scale for southern approach to  San Jose Municipal 
Airport (own alt itude = 750 f t ) .  
Figure 34.- Graphic summary of  pilot-preferred content, format, and symbology 
for  a CDTI: 32-mile map scale  ior  southern approach t o  San Jose Municipal 
Airport (own al t i tude  = 4,300 f t ) .  
rlgure 35 .- Graphic summary of pilot-pref erred content, format, and symbology 
for a CDTI: 128-mile map sca l e  for aouthern approach t o  San Jose Municipal 
Airport (own a l t i tude  = 16,100 f t ) .  
Navigation Display 
The pilots indicated that the proportion of routes displayed should 
increase as the range of the map is increased (e.g., own route only for 
1- to 10-mile map scale, own and intersecting routes for 10- to 50-mile map 
scales, and either own and intersection routes, or all routes within the renge 
of the map, for map scales greater than 50 miles. Primary navaids, intersec- 
tions, and airports should be displayed symbolically. Identifying labels 
should be included for intermediate map scales. A digital indication of 
direction of flight and map scale ahould be included for navigation. Airport 
control zones, taxiways, and TCA's should not be displayed. The pilots empha- 
sized that only essential information for navigation should be displayed 
routinely (e.g., own route, perhaps adjacent routes, primary intersections, 
navaids, and airports) with additional information available at pilot request. 
Terrain Display 
All but one pilot felt that significant terrain features should be 
included in a CDTI by displaying symbols to represent the location and height 
of individual obstructions. Half of the pilots felt that a digital readout 
of the minimum safe altitude for sectors adjacent to own aircraft would be an 
acceptable alternative to a symbolic display of specific obstructions. If a 
symbolic display is used, two symbols, one for manmade and another for natural 
obstructions, would be adequate. Terrain information should be displayed 
automatically if an aircraft is below the minimum safe altitude and should be 
available at pilot request as well. Obstructions 2,000 ft or closer should 
be the only ones displayed. 
Weather Display 
Few of the pilots thought that a graphic display of weather should be 
included in a CDTI. If weather is to be displayed on a CDTI, however, the 
information depicted should include at least a graphic representation of 
location and intensity, and possibly the nature of the weather. There was no 
agreement about what the symbolic representation for weather should be. A11 
of the pilots felt that any display of weather on a CDTI should be initiated 
by the pilot. 
Symbology for Own Aircraft 
The chevron-shaped symbol was selected by a significant number of pilots 
to represent their own aircraft. Commonly used stick-figure and triangular 
symbols were rated as unacceptable by nearly half of the pilots. All but two 
of the pilots felt that the symbol for their own aircraft should be clearly 
differentiated from the symbol(s) for other aircraft by size, shape, L - color. 
Most pilots (32%) felt that the symbol for their own aircraft should be posi- 
tioned on the display so that proportionally more of the area displayed was 
ahead of their present position in a track-up or heading-up map orientation. 
A, centered location was preferred for a north-up map orientation. 
Traffic Display 
None of the pilots felt that all aircraft within the range of the map 
should be displayed routinely. The proportion of aircraft displayed should 
be limited to those within 22,000 ft vertically and adjacent laterally to the 
position of a pilot's own aircraft, 
All of the pilots selected symbols for other aircraft that depicted some 
other information about the status of other aircraft in ~ddition to position. 
Most pilots preferred the coding scheme suggested for providing information 
about the relative altitude of another aircraft that indicated whether the 
aircraft were at, above, or below their altitude, to one that simply differ- 
entiated aircraft at their own altitude from those that were not. Although 
they preferred the triangular symbol that depicted direction of flight as well 
as position to one that displayed position only, they thought that encoding 
information about relative altitude (at, above, or below own altitude) into the 
shape of the symbol was so important that most of them were willing to forego 
information about the direction of flight in order to obtain it. The pilots' 
responses indicate that they would have preferred a symbol that combined infor- 
mation about direction of flight, ATC status, flightpath history, and relative 
altitude (at, above, below), had such an alternative been available. 
A significant number of pilots felt that information about the altitude, 
groucd speed. ground track, weight class, ATC status, flight history, and 
emergency status of other aircraft should be available. At least 60% also 
felt that information about the direction of vertical flight (climb/descend), 
sequence number for landing, and identification should be provided. Digital 
blocks of information for specific aircraft, displayed at pilot request by 
touch-sensitive displays or automatically (as a warning of proximity or 
unreliable information), and coded symbols were the preferred sources of 
status information. Few pilots felt that data blocks should be displayed for 
all aircraft at all times. Only one or two thought that an additional alpha- 
numeric display would be an acceptable means of providing information about 
other aircraft. 
Use of Color 
All of the pilots felt that color coding, to differentiate among 
categories of information, was essential for speed and accuracy of recognition. 
They selected color encoding rather than symbol configuration or labels to 
distinguish weather or terrain from other categories of information. Both 
color and shape encoding were selected as means of distinguishing own from 
other aircraft and own route from other routes. Labels were preferred for 
identifying navaids. 
Display Size 
More than 60% of the pilots expressed the opinion that the minimum 
acceptable size for a CDTI was 9 in.; only one pilot thought that a CDTI 
should be less than 7 in. 
Opinions About the Potential Effect of CDTI 
None of the pilots felt that the additional task of monitoring a CDTI 
would increase hie workload to unacceptable levels. Although 74% felt that 
their workload might increase somewhat, particularly during the initial intro- 
duction of CDTI, the concensus seemed to be that the value of the information 
presented would be such that "It would be worth it." All but four pilots 
felt that a CDTI would provide useful information about the position and 
inzentions of other aircraft. Three additional pilots felt that the informa- 
tion provided would be useful if, and only if, the display was a fundamental 
instrument that combined multiple functions and categories of information. 
Even though the pilots orally volunteered a concern about display clutter 
during the experiment, most of them indicated in writing that a great deal of 
information should be made available for display on a CDTI. Their solution 
to this inconsistency was to allow the pilot to have control over the amount, 
type, and complexity of the information displayed at any time. The pilots 
felt they should be able to select additional information about navigstion, 
terrain, and the status of other aircraft, and any information about weather, 
by touch-sensitive displays, keyboard entry devices, dials, or buttons. A 
potential problem with this, which will have to be evaluated experimentally, 
is that the pilots may not wish to devote as much time as may be required to 
interact with a CDTI in this manner. A possible alternative solution woul6 
be to provide information necessary for different phases of flight automati- 
cally, with pilot override for individual components. It is also possible 
tkat the pilots may revise their opinions about the amount and complexity of 
the information to be displayed after they have used such a display in a 
dynamic simulation. For these reasons, it must be emphasized again that the 
results of this study refiect pilot opinions only, and that different results 
may be obtained when the pilots can use different displays In simulated flight. 
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